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General Status

In discussions with our CoTR and other interested MSFC personnel in January, 1994, it

was decided to coordinate the efforts under this grant with those to be performed under Grant

NAG8-842 "Research Support for CdTe Crystal Growth". This consolidation occurred due to Dr.

Franz Rosenberger becoming the principal investigator of this grant. The goal of this coordinated

research will be the growth of CdTe single crystals of high structural and compositional quality

using the Effusive Ampoule Physical Vapor Transport method.

Therefore, the revised research tasks are:

a) Design and construction of a three-zone furnace. Though similar in dimensions to the

furnace previously used for the growth of ZnSe, this new design is to provide for greater

flexibility in the adjustment of temperature profiles, and ensure a longer lifetime of the

heating element. In addition, the design should accommodate a low-power, high-

temperature microscope for in-situ viewing of the crystal.

b) Determination of the most advantageous ampoule design for seeded growth. In particular,

growth should proceed without contact between the crystal and side wall.

c) Crystal growth using a variety of seeds with orientations ranging from (100) to (511) to

determine which interface orientation leads to lower twin and etch pit densities.

d) Characterization of the grown CdTe crystals, including:

- etch pit densities by etching and optical microscopy,

- precipitate density and physical structure by infrared microscopy,

- twin boundary distributions by multi-direction sectioning.

e) Correlation between seed orientation, growth conditions and crystal quality.

Work Performed

The furnace has been designed and constructed. It consists of a custom-built continuously

wound element with taps for three independently controlled heating zones. The element is wound

from 5 gauge heating wire, which necessitates the use of step-down transformers. A 1/4" gap was

provided between the 2 center turns in the middle zone to accommodate the front lens of the high-

temperature microscope; see below. The heating element and thermal insulation has been placed in

a water-cooled shell and mounted into a cage that moves the furnace, relative to the fixed ampoule,

via a 25,000 steps/cm stepper motor.

The optical monitoring arrangement consists of a specially designed high-temperature end

attached to the rack-and-pinion and the eyepiece of a commercial Gaertner telemicroscope. The

silica/Inconel high-temperature end holds a 5 mm diameter, 10 mm f.l. silica lens that is positioned



betweentwo turnsof the middle furnacezone. A relaylens(22 mm o.d., 40 mm f.l.) is placed

betweentheeyepieceandfront lens. Themagnificationof thishigh-temperaturemicroscopeis 10

or 14Xdependingon theeyepieceused.

Thetemperatureprofiling of thefurnacewith typeS thermocoupleswascompleted.Axial

andazimutal temperaturedistributionsweredeterminedfor anticipatedgrowth conditionswith a

vacuum shroud, and with and without a dummy ampoule. With the vacuum shroud alone,

temperaturedifferencesof oneor two degreeswereobservedbetweenthermocouplebeadpositions

beingdirectly over theheatingwire or betweentwo windings, respectively. Thesedifferences
decreasedto afew tenthsof adegreewithin thedummyampoule.In contrastto theolder furnace,

the microscopeviewing ports did not induceany measurabledeformationof the temperature

profile.

Thegrowthampoulehasbeenredesignedbasedonourpreviouscrystalgrowthexperience
with CdTeandZnSe. The changesthat we haveincorporatedinto our ampoule,schematically

shownin Fig. 1,are:

1)The solid silica glasslightpipeextendsup into theampouleratherthanendingat the bottom

groundjoint. A similar designwasusedbeforeandallowedusto grow bothZnSeandCdTe

crystalswithoutanyampoulewall contact.

-2)Thesourcechambercanbedirectly loaded,ratherthanrequiringa separatevacuumtransport

step. This alleviatestwo undesirablefeaturesof ourearlierapproach:thetemperaturecycling
beforeloadingof the seed;andcrackingof theampouleon temperaturecycling, that occurs

when the presublimedsourcematerial thermally expandsin the ampoule. Low fugacity

impuritieswill still be retainedin thesourcechamber,and high fugacity impuritieswill be

preferentiallyremovedthroughtheeffusionhole.
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Fig. 1. Demountable ampoule for EAPVT.


